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Introduction 

Resists  materials  based  on  chemical  amplification  have  become 
increasingly  important  in  the  microelectronics  industry.1  Generally,  these 
materials  are  based  on  the  photoinduced  liberation  of  a  strong  acid  which, 
in  a  subsequent  catalytic  process,  leads  to  chemical  changes  in  the  resist 
^Im.  Although  these  acid  -catalyzed  chemically  amplified  photoresists  have 
proven  to  be  extremely  useful  in  manufacturing,  the  performance  of  such 
systems  may  be  degraded  by  airborne  basic  contaminants,2  if  post-exposure 
processing  is  delayed.' 

One  interesting  approach  to  avoid  the  problem  of  basic  airborne 
contamination  is  to  design  a  based-catalyzed  chemically  amplified  process. 
Here  a  catalytic  amount  of  photogenerated  base  is  used  instead  of  the 
acidic  catalyst  to  achieve  the  chemical  change  in  the  resist  materials,  and 
we  have  been  applied  this  concept  several  totally  new  imaging  and  resist 
i  materials 4,5 

It  has  been  shown6  previously  that  the  reaction  of  benzisoxazole 
•with  base  is  a  quantitative,  irreversible,  highly  exothermic  isomerization 
process,  proceeding  by  a  concerted  E2  mechanism  to  give  2-cyanophenol 
as  the  sole  product.  This  report  summarizes  our  recent  efforts  in  designing 
a  system  using  novel  benzisoxazole  containing  polymers  and  a  deep-UV 
sensitive  amine  photogenerator,7  as  shown  below. 


Results  and  Discussion 

Synthesis  of  the  Benzisoxazole  Containing  Polymers.  The 

monomer,  5-vinyl  benzisoxazole,  3  was  synthesized  as  described  by  Kemp 
from  5 -vinyl  salicyladehyde8  as  shown  in  following  equation: 


3 


Table  1.  Characteristics  of  the  Copolymers  a 


fl*=x 

0.33 

0.50 

0.67 

0.33 

0.50 

0.67 

;  # 

5a 

5b 

5c 

la 

lb 

lc 

Yield(%) 

71 

80 

83 

99 

95 

99 

MJ103 

43.7 

51.2 

46.7 

21.4 

24.9 

26.9 

(g/mol) 

■  M„/Mn 

1.71 

1.79 

2.21 

1.39 

1.44 

1.77 

Fi’(DSC) 

0.32 

0.48 

0.65 

!  F,  *(EA) 

0.33 

0.49 

0.65 

Td«(°C) 

222.2 

220.7 

218.6 

a:  The  polymerization  was  run  at  75°C  with  2%  AIBN  in  50%  dioxanefor 
15  hours,  fi  is  the  mole  fraction  of  the  heterocyclic  monomer  in  the  feed, 


This  compound  is  a  colorless  oil  and  has  a  very  strong  benzonitrile- 
,  like  smell.  It  can  be  easily  copolymerized  with  other  styrene  derivatives 
such  as  [(tert-butoxycarbonyl)oxy]styrene  or  [(trimethylsilyl)oxy] styrene 
4, 9  to  give  a  high  molecular  weight,  soluble  polymer  5,  which  can  be 
hydrolyzed  by  dilute  aqueous  HC1/THF  solution.  The  ratios  of  the  two 
monomers  in  the  feed  and  the  copolymers,  measured  by  both  elemental 
analysis  and  DSC  (Table  I),  are  very  close,  even  at  lower  conversions 
:  suggesting  that  some  degree  of  randomness  prevails  during  monomer 
incorporation. 


Polymer  la,  lb,  and  lc  all  show  excellent  solubility  in  most  organic 
solvents  and  were  further  evaluated  as  substrates  for  lithographic 
experiments.  DSC  traces  of  these  polymers  (Fig.  1)  exhibited  a  large 
exothermic  peak  at  around  220°C,  which  corresponds  to  the  thermal 
isomerization  reaction.  This  is  a  much  higher  temperatures  than 
conventional  postexposure  bake  temperatures  (100-140°C).  As  expected, 
thermal  isomerization  of  these  copolymers  1  to  2  will  not  result  any  loss  of 
weight,  but  the  DSC  trace  clearly  shows  that  the  isomerization  temperature 
and  heat  released  is  dependent  on  the  content  of  benzisoxazole  in  the 
copolymer.  The  higher  the  ratio  of  benzisoxazole  unit,  the  lower  the 
decomposition  temperature  of  the  copolymer.  Based  on  Kemp’s 
calorimetric  measurements  of  the  heats  of  the  isomerization  (AH  =  26.7 
kcal/mo!),6  we  can  calculate  the  molar  ratio  of  benzisoxazole  in  the 
copolymer  as  shown  in  Table  1 . 


Base-Catalyzed  Isomerization  of  Copolymer  1.  The  base- 
catalyzed  isomerization  of  the  copolymer  1  to  2  was  carried  out  by 
irradiating  polymer  films  containing  1 0  wt%  of  amine  photogenerator.  As 
an  example,  polymer  lb  is  converted  to  the  corresponding  copolymer  2 
upon  exposure  to  200  mJ/cm2  of  254  nm  irradiation  followed  by  | 
postexposure  bake  (PEB)  at  140°C.  Evidence  for  the  base  catalyzed 
isomerization  is  seen  in  the  FTIR  by  the  appearance  of  the  absorption  at ! 
2230  cm'1,  which  is  characteristic  of  the  cyano  functional  group  (Fig  2). ! 
On  the  other  hand,  the  unexposed  copolymer  containing  10%  of  amine 
photogenerator  was  quite  stable  under  thermal  treatment  at  140°C  for  10 
minutes. 


Figure  2:  FTIR  Study  of  .Amine  Catalyzed  Isomerization  of  Copolymer  lb 

Lithographic  Evaluation.  The  photoresists  were  prepared  by 
dissolving  copolymer  1  in  diglyme  (20%)  with  10  wt  %  photobase 
generator,  filtering  through  a  0.45  micron  filter,  spin-coating  onto  silicon 
wafers  at  2000  rpm  for  30  seconds,  and  heating  the  resulting  film  at  100°C 
for  2  minutes  to  afford  a  1 .0  micron  film.  Post  exposure  baking  was  carried 
out  at  140°C  for  10  minutes,  and  100%  AZ-312  M1F  solution  was  used  as 
developer.  The  sensitivity  of  formulated  photoresists  were  measured 
through  a  gradient  multidensity  mask  (Ditric  Optics)  to  afford  a  composite 
image  with  areas  of  different  exposure  doses.  The  less  benzisoxazole 
content  in  the  copolymer,  the  more  sensitive  it  appear  to  be.  For  example, 
copolymer  lb  afforded  a  sensitivity  of  85  mJ/cm2  and  1c  has  a  sensitivity  of 
105  mJ/cm2.  Although  33%  loading  of  benzisoxazole  copolymer  la  is  most 
sensitive  in  the  photoresist  experiments  (50  mJ/cm2),  the  film  itself  slowly 
dissolves  in  the  developer  because  high  content  of  phenol  units.  The 
copolymer  with  greater  than  50%  loading  of  benzisoxazole  did  not  dissolve 
in  the  developer  at  all. 

Experimental  Procedure. 

Preparation  of  5-vinyl  benzisoxazole  (3).  5-VinyIsaIicyladehyde 
was  synthesized  according  to  the  method  of  Wulff 8  in  good  yield.  In  a  500 
ml  Erlenmeyer  flask,  6  g  (0.040  mol)  of  the  5-vinylsalicyladehyde  was 
dissolved  in  ethanol  (ca.  15  ml)  such  that  the  solution  was  saturated  at 
;  25°C.  To  this  stirred  solution  was  added  6  g  (ca.  1.4  equiv.)  of 
hydroxylammonium  O-sulfonate.  After  several  minutes,  250  ml  of 
j  dichloromethane  was  added,  the  mixture  was  cooled  in  ice,  and  a  solution 
:  of  9  g  of  sodium  bicarbonate  in  100  ml  of  water  was  added.  The  resulting 
mixture  was  heated  to  room  temperature  and  stirred  at  that  temperature  for 
about  2  hours.  The  dichloromethane  layer  was  then  separated  and  dried 
1  over  sodium  sulfate.  Purification  of  the  crude  product  by  column 
chromatography  with  dichloromethane  as  eluent  gave  3.51  g  (60%)  of  a 
pure  product  as  a  colorless  oil.  The  product  can  also  be  purified  by  vacuum 


|  distillation.  *H  NMR  (CDCf)  6  8.67  (s,  1H),  7.65  (m.  2H),  7.54  (m,  1H). 
j  6.77  (dd,  1H),  5.75  (d.  1H),  5.27  (d,  1H),  13C  NMR  (CDClj)  6  163.9, 
146.2,  135.7,  133.8,  128.2,  121.7,  119.4,  114.1,  109.6.  Calc,  for  C9H7NQ. 
j  C,  74.46,  H,  4.86,  N,  9.65.  Found:  C,  74.36,  H,  4.69,  N,  9.72. 

General  Procedure  for  the  Synthesis  of  Copolymers  (5)  of  5~ 

|  vinyl  benzisoxazole  and  [(trimethyIsilyl)oxy]styrene.  The  various 
|  copolymers  5  with  different  ratios  of  5-vinyl  benzisoxazole  to 
[(trimethylsilyl)oxy] styrene  were  prepared  by  free  radical  polymerization  m 
j  solution.  For  example,  [(trimethylsilyl)oxy] styrene9  (1.92g,  0.01  mol)  and. 

;  5-vinyl  benzisoxazole  (1.45g,  0.01  mol)  were  dissolved  in  3.37  g  of 
dioxane,  and  stirring  was  accomplished  by  a  vigorous  argon  flow  for  15 
minutes.  Then  2,2’-azobis  (isobutyronitrile)  (66  mg,  0.00040  mol)  was 
added  to  the  reaction  mixture  and  the  reactor  flask  was  sealed  off  anaf 
:  placed  in  a  75°C  oil  bath.  After  15  hours,  the  flask  was  cooled  to  rooas 
temperature  and  acetone  was  added.  The  polymer  was  isolated  by 
precipitation  into  methanol  and  further  purified  by  redissolution  into  THF 
followed  by  precipitation  into  hexanes.  After  drying  under  vacuum  for  24 
hours,  the  desire  copolymer  (  2.68  g,  80%)  was  obtained  as  a  white 
powder.  The  average  molecular  weight  (Mw)  and  polydispersity  (Mw/MJi 
determined  by  gel  permeation  chromatography  were  51,200  and  1.79, 
respectively. 

General  Procedure  for  the  Deprotection  of  Copolymer  5.  The 

TMS  group  of  the  various  copolymers  5  with  different  compositions  ware 
removed  by  dissolving  each  copolymer  in  a  dilute  HCI/THF  solution.  Fee 
example,  copolymer  5b  (2.0  g)  was  dissolved  in  THF  (250  ml)  containing, 
cone,  hydrochloric  acid  (10.0  g).  The  resulting  mixture  was  stirred  at  room 
temperature  for  5  hours.  After  evaporating  most  of  the  solvent,  the  crude 
polymer  lb  was  recovered  by  dissolved  in  acetone  and  precipitated  into 
water.  It  was  further  purified  by  redissolution  in  THF  followed  by 
precipitation  into  hexanes,  yield  1.50  g  (95%).  Anal.  Calc.:  C,  77.22,  H, 
5.79,  N,  4.83,  Found:  C,  75.80,  H,  6.12,  N,  4.69.  Mw  -  24,900,  D  =  1.44. 
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